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GLOBAL AMPLIFICATION OF NUCLEIC ACIDS 

FIELD OF THE INVENTION 

5 The present invention lies in the field of molecular 

biology and is particularly concerned with a technique for 
global amplification of nucleic acids, especially although 
not exclusively mRNA or cDNA derived therefrom 
corresponding to gene nucleotide sequences. The technique 
10 of this invention can be particularly useful when used in 
conjunction with subtractive hybridization applied, for 
example, to the study of differential gene expression 
between related tissue cells. 

15 BACKGROUND OF THE INVENTION 

Subtractive hybridization is a process that is 
commonly used in association with cloning of cDNA derived 
from mRNA extracted from particular cells that are under 
20 investigation and is most useful for producing DNA 
hybridization probes that can be utilised as screening 
agents to detect or locate DNA, in clone colonies or cDNA 
libraries for example, related to genes that are 
differentially expressed as compared with genes of other 
25 cells that exhibit different gene expression 
characteristics. This technique may, for example, be used 
in cancer research for comparing the gene products of 
tumour tissue cells with those of corresponding normal 
tissue cells in order to study the genetic changes that 
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have occurred at the nucleic acid level . Probes obtained 
using this technique which are specific to DNA whose 
expression characteristics are modified by such genetic 
changes may be useful not only for carrying out genetic 
5 screening in connection with cDNA cloning, but also as 
diagnostic tools. 


In a typical procedure for applying this technique 
of subtractive hybridization to investigate differences in 

10 the active genes of a certain sample of test or target 
cells, e.g. from tumour tissues, as compared with the 
active genes of a sample of reference cells, e.g. cells 
from corresponding normal tissue, total cell mRNA is 
extracted (using conventional methods) from both samples 

15 of cells. The mRNA in the extract from the test or target 
cells is then used in a conventional manner to synthesise 
corresponding single stranded cDNA using an appropriate 
primer and a reverse transcriptase in the presence of the 
necessary deoxynucleoside triphosphates, the template mRNA 

20 finally being degraded by alkaline hydrolysis to leave 
only the single stranded cDNA . In one particular version 
of the technique, important in the context of the present 
invention, care is taken to avoid unwanted synthesis of 
any second strand cDNA in this initial stage. The single 

25 stranded cDNA thus derived from the mRNA expressed by the 
test or target cells is then mixed under hybridizing 
conditions with an excess quantity of the mRNA extract 
from the reference (normal) cells. The latter is herein 
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generally termed the subtractive hybridization "driver" 
since it is this mRNA or other single stranded nucleic 
acid present in excess which "drives" the subtraction 
process. As a result, cDNA strands having common 

5 complementary sequences anneal with the mRNA strands to 
form mRNA/cDNA duplexes and are thus subtracted from the 
single stranded species present. The only single stranded 
DNA remaining is then the unique cDNA that is derived 
specifically from the mRNA produced by genes which are 
10 expressed solely by the test or target cells. 


To complete the subtraction process and to use the 
single stranded unique cDNA, e.g. for producing labelled 
probes that may perhaps be used for detecting or 

15 identifying corresponding cloned copies in a cDNA clone 
colony (labelling of such probes is frequently introduced 
by using labelled deoxynucleoside triphosphates in 
synthesis of the cDNA) , in the basic subtractive 
hybridization technique the common mRNA/cDNA duplexes are 

20 then physically separated out using, for example, 
hydroxyapatite (HAP) or, more preferably, ( s t rept ) avidin- 
biotin in a chromatographic separation method. After this 
operation, one or more repeat rounds of the subtractive 
hybridization may be carried out to improve the extent of 

25 recovery of the desired product . 

From time to time various improvements in the basic 
technique outlined above have been introduced, including a 
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method of chemical cross- linking subtract ive hybridization 
(see Hampson et al (1992) Nucleic Acids Res. 20, 2899) 
which can enable the need for physical separation of the 
common mRNA/cDNA duplexes from single stranded unique cDNA 
5 to be avoided, but the process of producing labelled 
probes and/or cDNA subtraction libraries has still 
required a relatively large number of cells, especially 
since neither the target cDNA nor the driver RNA have been 
renewable. Although the introduction of PCR technology 

10 provided a new tool with a potential for enabling 
subtractive cloning to be applied to smaller numbers of 
cells and many strategies based on the hybridization of 
original target cDNA to so-called driver RNA or antisense 
cDNA have been developed to overcome the problem of 

15 limited starting cell number, problems have still 
remained. In particular, the methods developed have still 
been complex and have usually required multiple rounds of 
PCR and of subtractive hybridization which are liable to 
produce artifactual results by virtue of representational 

20 skewing during the amplification process. 

One difficulty encountered in using PCR for 
amplifying cDJSTA is the fact that it cannot usually amplify 
efficiently full length cDNA strands corresponding to mRNA 
25 molecules from which they are derived, and when there is a 
mixture of cDNA strands or strand fragments covering a 
wide range of different lengths there is a tendency for 
preferential amplification to occur of the shorter length 
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cDNA molecules. Ideally, for satisfactory PCR 

amplification of cDNA molecules, in order to reduce any 
non-uniformity and bias due to inefficient amplification 
of larger cDNA molecules the molecules in the reaction 
5 mixture upon which PCR amplification is performed should 
each have a size in the range of 100-500 base pairs, and 
within this range the sizes should be distributed 
randomly . 

10 Obviously, it can also be important in using PCR 

amplification to provide amplified single stranded 
molecules that strand sense should be maintained. 


SUMMARY OF THE INVENTION 

15 

It is accordingly one object of the present 
invention to provide an improved PCR-based process for 
achieving global amplification of nucleic acid nucleotide 
sequences especially suitable for providing material for 
20 carrying out subtractive hybridization, e.g. in connection 
with the study of differentially expressed mRNAs , and 
cDNAs derived therefrom . 


It is also an object of the invention to provide a 
25 method by which a collection of single stranded nucleic 
acid molecules, such as for instance cDNA molecules 
derived from transcript cellular RNA , can be converted 
into a mixture of shorter DNA molecules having a random 
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size or length distribution lying within a range, e.g. 100 
to 50 0 base pairs, that is more suitable for achieving 
substantially uniform global PCR amplification 
representative of the original single stranded nucleic 
5 acid, while maintaining correct strand sense. 


A further object of the present invention is to 
provide a method of processing samples of mRNA from a 
limited number of target and reference cells so as to 
10 provide amplified and renewable sources of single stranded 
target cDNA and driver nucleic acid for use in subtractive 
hybridization, especially in relation to the study of 
differential gene expression and the production of DNA 
hybridization probes of high specific activity. 

15 

These and other objects and features of the 
invention will become more clearly apparent from the 
description hereinafter contained. 


20 In general, the invention involves a method of 

directional random oligonucleotide primed synthesis 
(herein abbreviated DROP) of cDNA to generate or produce a 
mixture of random primed single- stranded nucleic acid 
fragments suitable for achieving substantially uniform 

25 global PCR amplification with maintenance of correct 
strand sense. 


From one aspect, the invention provides a method of 
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processing nucleic acid starting material composed of a 
collection of single stranded nucleic acid molecules so as 
to produce a mixture of shorter random length DNA 
fragments suitable for enabling substantially uniform 
5 global PCR amplification to be achieved yielding an 
amplified product representative of the total original 
single stranded nucleic acid, said method comprising the 
steps of: 

(a) deriving from said nucleic acid starting material an 
10 immobilised set of first strand cDNA molecules each 

anchored at one end to a first solid phase support; 

(b) carrying out a first random priming operation using 
said set of anchored first strand cDNA molecules as 
templates to synthesise a first set of random length 

15 single strand DNA fragments each incorporating ac 

one end a first known nucleotide sequence and a 
terminal anchor group adapted to bind to 
complementary receptor material ; 

(c) separating said first set of random length single 
20 strand DNA fragments from the set of anchored first 

strand cDNA molecules; 

(d) carrying out a second random prxming operation using 
said first set of random length single strand DNA 
fragments as templates to synthesise a second set of 

25 single strand DNA fragments that each incorporate a 

second known nucleotide sequence at the opposite end 
to said first known nucleotide sequence ; 

(e) contacting the reaction mixture from (d) with a 
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second solid phase support carrying receptor 
material complementary to said terminal anchor 
groups of said first set of random length single 
strand DNA fragments whereby said first set of 
5 random length single strand DNA fragments are 

anchored and immobilized on said second solid phase 
support ; 

(f) separating said newly synthesised second set of 
single strand DNA fragments from the immobilised 
10 first set of random length DNA fragments, said 

second set of single strand DNA fragments then 
providing a desired mixture of shorter random length 
single stranded DNA molecules suitable for 
subjecting to PCR amplification. 

15 

The nucleic acid starting material will generally 
comprise an extract of total mRNA obtained from a sample 
of cells so that the single-stranded nucleic acid 
molecules of which it is composed will be poly-A tailed 

20 mRNA strands, and in step (a) above the first strand cDNA 
molecules are synthesised therefrom using as primers 
deoxy thymidine (dT) oligonucleotides anchored to solid 
support means such as magnetic beads or microspheres which 
facilitate separation of supernatant in subsequent 

25 operations. 

In carrying out PCR amplification of the product 
from step (f) above, primers will generally be used which 
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are matched to the known nucleotide sequences at opposite 
ends of the DNA fragments involved as hereinafter 
explained . 

5 From another aspect the invention also provides a 

method for global PCR-based amplification of a collection 
of single stranded cDNA molecules synthesised as first 
strand cDNA from cellular transcript mRNA, said method 
including the steps of 
10 (a) providing an initial reaction mixture in which the 
strands of said cDNA molecules are immobilised by 
being anchored at one end to a first solid phase 
support via a polynucleotide sequence attached to 
the latter; 

15 (b) carrying out a first random priming operation using 
said anchored first strand cDNA molecules as 
templates to synthesise a first set of random length 
single strand DNA fragments each incorporating at 
one end a first known nucleotide sequence and a 

20 terminal anchor group adapted to bind to 

complementary receptor material; 
(c) separating said first set of random length single 
strand DNA fragments from the anchored first strand 
cDNA molecules; 

25 (d) carrying out a second random priming operation using 
said first set of random length single strand DNA 
fragments as templates to synthesise a second set of 
single strand random length DNA fragments that each 
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incorporate a second known nucleotide sequence at 
the opposite end to said first known nucleotide 
sequence; 

(e) contacting the reaction mixture from (d) with a 
5 second solid phase support carrying receptor 

material complementary to said terminal anchor 
groups of said first set of random length single 
strand DNA fragments whereby said first set of 
random length single strand DNA fragments are 
10 anchored and immobilized on said second solid phase 

support ; 

(f) separating said newly synthesised second set of 
random length single strand DNA fragments from the 
immobilised first set of random length DNA 

15 fragments; and 

(g) subjecting the said second set of random length 
single strand DNA fragments to at least one round of 
PCR amplification using primers matched to said 
known sequences at opposite ends . 

20 

In carrying out the first random priming operation a 
DNA polymerase such as that known under the Registered 
Trade Mark "Sequenase" which lacks exonuclease activity 
and does not cause strand displacement should be used so 
25 as to ensure that a collection of random size DNA 
fragments with terminal anchor groups will be generated. 
In contrast, however, in carrying out the second random 
priming operation it is desired to produce DNA fragments 
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which are substantially full size copies of the fragments 
obtained from the first random priming operation, and a 
DNA polymerase which does produce strand displacement, 
such as Taq polymerase, should be used. 

5 

As already indicated, the DROP/PCR amplification 
process of the present invention can be particularly 
useful in conjunction with subtractive hybridization 
reactions, applied for example to the production of 

10 subtracted DNA hybridization probes for investigating and 
detecting differential gene expression between related 
tissue cells. In particular, the invention can enable 
small amounts of nucleic acid from limited cell numbers to 
be amplified in a reliable manner to provide sufficient 

15 material, both target cDNA and driver RNA, to carry out 
subtractive hybridization procedures. Moreover, the 

Source of these materials can be renewable so that once 
the process of the invention has been carried out in 
relation to a particular sample of transcript RNA it 

20 should not be necessary subsequently to have to re-extract 
more of this RNA for subtraction operations. 


For the purpose of providing amplified target cDNA 
for use in a subtractive hybridization procedure, at least 
25 the last round or rounds of PCR amplification will be 
carried out using at one end a primer which is labelled 
with an anchor group, such as biotin for instance, that 
can bind to a complementary receptor (avidin or 
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streptavidin in the case of biotin) carried on solid 
support material, preferably magnetic beads or 
microspheres, whereby strand separation can readily be 
performed to produce the single stranded amplified cDNA 
5 required for subtractive hybridization. Before carrying 
out this last round or rounds of PCR amplifications with 
the biotinylated primer, in practice a portion of the 
reaction mixture can be retained and can be subsequently 
re- amplified thereby providing a renewable source of 
10 material for producing more of the target cDNA. 

For providing amplified driver RNA it will generally 
be necessary to subject the PCR-amplif ied cDNA product to 
in vitro transcription using a suitable RNA polymerase, 

15 and the amplified cDNA must therefore include at least an 
appropriate promoter sequence for the chosen or selected 
RNA polymerase. This is conveniently introduced in 
carrying out the first random priming operation by using a 
so-called universal primer (degenerate oligonucleotide 

20 primer covering all possible combinations of the four DNA 
nucleotide bases) that also incorporates the required 
promoter sequence, the latter additionally providing at 
least part of the aforesaid first known nucleotide 
sequence . 

25 

Again, before carrying out the in vitro 
transcription operation on the PCR-amplif ied cDNA product, 
a portion of the latter can be retained for subsequent re- 
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amplification and use to provide a further supply of 
material for producing more of the "driver" RNA. 

It will thus be appreciated that the invention also 
5 provides a method of processing samples of mRNA from a 
limited number of target and reference cells so as to 
provide amplified and renewable sources of single stranded 
target cDNA and driver nucleic acid for use in subtractive 
hybridization, especially in relation to the study of 

10 differential gene expression and the production of DNA 
hybridization probes of high specific activity, said 
method comprising treating the mRNA samples from the 
target cells and from the reference cells separately to 
produce an immobilised collection of first strand target 

15 cDNA molecules from the mRNA cf che target cells and an 
immobilised collection of first strand "driver" cDNA from 
the mRNA of the reference cells, and then following the 
procedure outlined above for carrying out global PCR-based 
amplification for each separate cDNA collection. 

20 

The presently preferred above-mentioned first known 
nucleotide sequence is a T7 phage RNA polymerase 
initiator/promoter sequence which is incorporated in a 
universal primer employed in carrying out the first random 
25 priming operation of the DROP process, this sequence being 
placed in contiguous relationship with a biotin anchor 
group at the 5 1 terminal end of the primer. In practice, 
this primer is preferably a biotinylated T7 phage random 
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hexamer primer . 

Also, in preferred embodiments, the second known 
nucleotide sequence that is introduced in carrying out the 
5 second random priming operation is a restriction enzyme 
site sequence, e.g. an EcoRl sequence, that is 
incorporated in a universal primer, preferably a random 
hexamer primer, used for said second random priming 
operation . 

10 

The presently preferred terminal anchor group which 
is introduced into the DNA fragments in at least the first 
random priming operation, and also in the PCR amplifica- 
tion of the target cell cDNA fragments, is biotin which is 
15 used in conjunction with complementary avidin or strept- 
avidin receptor material carried by solid phase supports. 

As mentioned, in carrying out the first random 
priming operation a DNA polymerase which lacks exonuclease 

20 activity and ability to cause strand displacement should 
be used, such as for example the T7 phage DNA polymerase 
sold under the "Sequenase II" ( RTM ) . Also, since the 
concentration of the random hexamer or other universal 
primer affects the average size of the DNA fragments 

25 produced, this concentration should be adjusted so that 
the average size will be within the desired range 100 to 
500 base pairs as far as possible. A further size 
selection will also usually be made in a later 
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Also, in carrying out the second random priming 
operation a strand displacing DNA polymerase should be 
used, preferably a Taq polymerase which can strand 
displace and which has a polymerase dependent 5' to 3 ■ 
exonuclease activity. 

Strand separation of duplex molecules in the 
reaction mixtures will generally be carried out by heat 
denaturation followed by filtering or decanting off the 
supernatant, leaving the other one of the strands anchored 
to a said solid phase support. 

It will also be appreciated chat all the essential 
reagents for carrying out the method of processing nucleic 
acid starting material and/or global PCR-based 
amplification of cDNA in accordance with the invention, 
together with instructions for use, may be presented and 
marketed in the form of a kit, and such kits are also to 
be regarded as falling within the scope of the invention. 

The invention, including a specific test example 
illustrating the manner in which it may be carried out in 
practice, will now be more fully described with reference 
to the accompanying drawings. 


15 


20 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In said drawings, 

5 FIGURE 1 is a diagrammatic summary of the different stages 
involved, labelled (1) to (9) , in a specific example of 
the DROP process of the present invention in use for 
producing a mixture of random size DNA fragments suitable 
for subsequent efficient PCR amplification in order to 
10 provide material for subtraction hybridization in 
connection with a study of differential expression in 
myeloid stem cells; 

FIGURE 2 is a diagrammatic summary of subsequent stages 
15 involved in producing PCR amplified single stranded target 
cDNA and driver RNA; and 

FIGURE 3 is a diagram illustrating the composition and 
nucleotide sequences of the primers used in the example of 
20 FIGURES 1 and 2. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENT 

The test example to be described relates to 
25 preparation of high specific activity radiolabelled DNA 
hybridization probes adapted for use in detecting and 
identifying differential expression in myeloid stem cells. 
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In this example, isolation of RNA from the myeloid 
stem cell line FDCP-Mix was performed by the method of 
Chomczynski et al (1987) Anal Biochem, 162 156-9, or was 
hybridised directly to oligo dT Dynabeads (Registered 
5 Trade Mark) as detailed by the manufacturer (Dynal 
Limited, UK) . RNA from undifferentiated cells was 

regarded as being the target RNA and that from different- 
iated cells was regarded as being the reference or 
"driver" RNA for the purpose of subtractive hybridization. 

10 

The various reactions in the DROP process 
illustrated in Figure 1 will first be briefly summarised 
below . 

15 in Step 1 , the target cr the driver RNA was annealed 

to immobilised dT oligonucleotide molecules anchored at 
one end to magnetic beads (Dynabeads RTM) . This was then 
followed by first strand cDNA synthesis in Step 2 to 
produce covalently immobilised cDNA. In Step 3 this 

20 material was heat denatured to remove the parental RNA 
template and the cDNA was dideoxy substituted in order to 
render any hairpin structure non-viable as polymerase 
primer sites. Unblocked hairpins would act as DNA 
polymerase priming sites with the effect that DNA 

25 synthesised from these would be covalently bound to the 
magnetic beads and thus lost from subsequent reactions. 
In Step 4 the first random priming operation was carried 
out using as the DNA polymerase a modified T7 DNA 


BNSDOCID: <WO 9608973A1_I_> 


WO 98/08973 PCT/GB97/02320 

18 

polymerase, Sequenase II (RTM) from Amersham 
International. This was chosen because of its inability 
to cause strand displacement and, more importantly at this 
stage, its lack of any exonuclease activity. A 
5 "universal" primer (see Figure 3) was also used in this 
step having a nucleotide sequence 

5 ' TGTAATACGA CTCACTATAG GGAGNNNNNN 3 1 - SEQ ID NO: 1 
which includes the random hexamer primer sequence NNNNNN. 
A biotin anchor group was provided at. the 5' end, and the 
10 nucleotide sequence also contained the T7 phage 
initiator /promoter sequence 

5 ? TGTAATACGA CTCACTATAG GGAG 3' - SEQ ID NO: 2. 

Thus, the products of step 4 were random primed 
15 fragments of cDNA (each having a 5' biotin terminal anchor 
group and T7 site) annealed along the immobilised parent 
cDNA strand. The size of these fragments was shown to be 
dependent on the concentration of primer used in the 
reaction and it was found that the optimal size range of 
20 100 to 500 base pairs was produced using 0.1pig//xl of 
reaction volume. This step 4 is a critical stage in the 
directional amplification strategy outlined, determining 
both the size and 5 1 position of the Biotin/T7 site. 

25 In Step 5 the fragments from step 4 were released 

from the parent cDNA by heat denaturation and after 
filtering or decanting to remove the magnetic beads to 
which the parent cDNA molecules were anchored they were 
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subjected in free solution to a second random priming 
operation ( Step 6 ) using a universal random hexamer primer 
containing a random hexamer sequence and a restriction 
site sequence. In this example the primer had the 
5 nucleotide sequence 

5 » ATGAGAATTC GACGTCAGCC AGCNNNNNN 3 1 - SBQ ID NO : 3 
which includes an EcoRl (abbreviated Rl) sequence (again 
see Figure 3) . This random prime reaction was catalysed 
by Taq polymerase which can strand displace and has a 

10 polymerase dependent 5' to 3 1 exonuclease activity. The 
products of this reaction should thus be complementary 
copies of the original T7 primed fragment which should 
increase in length with each successive priming event that 
occurs closer to the 3' end of the biotinylated strand 

15 until full length copies of the duplex strands of the 
original fragments formed in step 4 are eventually 
produced, i.e. there is in effect a single strand to 
duplex strand conversion. The Taq catalysed reaction, 
however, will initiate other secondary Rl hexamer priming 

20 events on any Rl primed strands displaced from the 
biotinylated T7 strand by the polymerase. This was a 
reason for incorporation of the biotin anchor group in 
step 4 as it enables selective binding to streptavidin (or 
avidin) coated beads to be carried out in Step 7 of all 

25 double stranded cDNAs which possess a 5' biotin/T7 site on 
one strand and a 5' Rl primer site on the other. Any 
other products of secondary priming events occurring in 
step 6 are removed at this stage. 
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In Step 8 denaturation released the non-biotinylated 
complementary strand which should have a 5 1 Rl primer at 
one end and a 3' antisense T7 primer at the other. This 
product can thus then be PCR amplified using the T7 
5 sequence primer SEQ ID NO: 2 and an Rl sequence primer 
5 ' ATGAGAATTC GACGTCAGCC AGC 3 1 - SEQ ID NO: 4 
(again see Figure 3) . 

It has been reported previously that random primed 
10 PCR can be used to amplify target DNA non- specif ically 
(see Degenerate Oligonucleotide-Primed (DOP) PCR 
Amplification Method described by H. Telenius et al (1992) 
Genomics 13, 718-725) , and consequently the directional 
product herein described should be representative of all 
15 RNAs expressed by the target or driver cell type. 

In more detail the individual reactions shown in 
FIGURE 1 were performed as follows: 

20 (1) Annealing 

Between 10 and 50/xg of total RNAs isolated from both 
undifferentiated (target) and differentiated 
(driver) cells were annealed in separate reactions 
to oligo-dT Dynabeads (RTM) for 5 minutes at room 

25 temperature in 0 . 5M LiCl , 1% SDS, lOmM EDTA. 

(2) First strand synthesis 

This was based on the method described by Raineri et 
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al (1991) Nucleic Acids Res, 19, 4010. The 
Dynabeads (RTM) from step 1 were washed twice with 
0.15M LiCl, 1% SDS, 5mM EDTA and three times with 1 
x Superscript I (GIBCO BRL) buffer (50mM Tris-HCl pH 

5 8.3, 40mM KC1 , 6mM MgCl 2 , 0 . lmg/ml BSA) , finally 

resuspending in 1 x Superscript buffer with 0.25mM 
of each dNTP (dATP, dGTP , dCTP, dTTP) , ImM DTT plus 
l/il (200 units) Superscript I (TM) RNase H free 
reverse transcriptase (GIBCO BRL) and 5 units of 

10 placental ribonuclease inhibitor (Boehringer 

Mannheim) per 2 5ptl of reaction volume. This mixture 
was incubated at 37°C with gentle agitation for 1 
hour followed by extensive washing with 1 x SSC, 
0 . 1% SDS . 

15 

(3) Heat denaturation and dideoxv substitution 

This was performed at 95 °C for four minutes in 1 x 
SSC, 0.1% SDS and the beads were washed several 
times with PBS , 0.1% ultrapure BSA (GIBCO BRL). 

20 These were then resuspended in 1 x Sequenase II 

buffer (40mM Tris HCL pH 7.5, 20mM MgCl 2 , 50mM NaCl, 
Amersham UK) plus 5 0uM dideoxy NTPs and incubated at 
37°C for 10 minutes with 2 units of Sequenase II 
(RTM - Amersham UK) . The beads were again washed 

25 extensively with PES, 0.1% BSA. 

(4) Biotinvlated T7 random hexamer criming 

The dideoxy hairpin blocked single stranded cDNA 
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bound to the beads was then random primed with the 
biotinylated T7 random hexamer oligonucleotide 
having the nucleotide sequence SEQ ID NO; 1 (Figure 
3) using 0 . Ifxg of primer/ptl of reaction mix, 50/xM of 
5 each dNTP in 1 x Sequenase buffer. This was heated 

to 68°C for 2 minutes, cooled to 37°C f 3 units of 
Sequenase (RTM) were added and this mixture was 
maintained at 37°C for 15 minutes with gentle 
agitation. The beads were washed with 5 x 100/xl of 
10 1 x SSC, 0.1% SDS at room temperature, 1 x 100/xl at 

68 °C for 2 minutes and 2 x 100/il of TE (50mM Tris- 
HC1 pH 7.5, 5mM EDTA) at room temperature. 


(5) Heat Denaturation 
15 The beads from step 4 were resuspended in 85/il of 1 

x Taq polymerase buffer (10mM Tris HC1 pH 8.3, 1 . 5mM 
MgCl2, 0.5M KC1) , heated to 94°C for 3 minutes and 
the supernatant was collected. 

20 (6) Rl random hexamer priming 

10/ig of Rl random hexamer primer having the 
nucleotide sequence SEQ ID NO: 3 (Figure 3) and 50/iM 
final concentration of each dNTP were added to the 
supernatant from step 5. This was heated to 93°C 

25 for 1 minute, cooled to 37°C for 5 minutes and 2.5 

units of Taq polymerase (Boehringer Mannheim) added. 
The incubation was continued at 37°C for a further 5 
minutes, then slowly increased to 72 °C over a period 
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of 10 minutes . 


(7) Binding to streptavidin beads 

The reaction mix from step 7 was added directly to 
5 50jxM of prewashed (PBS 0.1% BSA) M280 streptavidin 

beads and incubated at room temperature with gentle 
agitation for 1 hour. The beads were washed at room 
temperature with 5 x 100/xl of PBS, 0.1% BSA, 1 x 
lOOjxl at 68°C for 2 minutes and 2 x 100^x1 of TE at 
10 room temperature. 


(8) Heat denaturation 

The beads from step 7 were resuspended in 85/xl of 1 
x Taq polymerase buffer, heated to 92 °C for 3 
15 minutes and the supernatant collected. 


(9) PCR amplification 

In carrying out the PCR amplification of step 9 
0.5/xg each of both the T7 and Rl primers SEQ ID NO: 
2 and SEQ ID NO: 4 (Figure 3) was added to the 
supernatant from step 8 together with 250uM final 
concentration of each dNTP . 2.5 units of Taq 
polymerase were then added and the reaction was put 
through 25 cycles of, 94°C-1 minute, 62°C-1 minute, 
and 72°C-1 minute. 

A satisfactory size distribution and quality of the 
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PGR product from step 9 was verified by carrying out an 
electrophoretic test on a small test sample of the 
product. Preparative 1.5% agarose gel electrophoresis was 
then carried out and DNA migrating between 150 and 500 
5 base pairs was excised and electroeluted . Twenty separate 
100/il PGR reactions were then set up, 10 containing a 1/xl 
aliquot of electroeluted driver DNA (i.e. that derived 
from the driver RNA) and 10 containing a l/il aliquot of 
electroeluted target DNA (that derived from the target 

10 RNA) . These were re-amplified using the same primers and 
conditions as in step 9 except that 12-14 cycles were 
used. All the products of the target DNA PCR reactions 
were pooled as were all those from the driver DNA PCR 
reactions, and 300^1 from each pool was purified by the 

15 use of a JET Pure PCR Reaction Purification Kit (Genomed, 
Hybaid, UK) , ready for final preparation of single 
stranded amplified target cDNA and driver RNA as described 
below . 

20 Preparation of single stranded amplified target cDNA 

This is summarised in Figure 2. Briefly, 3 x lOOul 
separate PCR amplification reactions were set up with a 
ljil aliquot of the target (undifferentiated cell) JET 
25 purified PCR product using the same conditions described 
in step 9 except that a biotinylated T7 primer SEQ ID NO: 
2 (see Figure 3) was used for 12-14 cycles (if required, 
this reaction can be spiked with a small amount of a 32p 
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dCTP to facilitate calculation of recovery yields) . This 
PCR product was then bound to streptavidin beads in the 
same way as in step 7 and these were washed with 5 x 100/zl 
PBS, 0.1% BSA at room temperature, followed by 2 x 100/il 
5 at 68°C for 2 minutes. Finally the beads were washed with 
2 x 100^1 of TE, resuspended in 40/il of TE and heated to 
92°C (no higher) for 3 minutes. The single stranded 
target cDNA was collected in the supernatant . 


10 Preparation of driver RNA 


This is also summarised in FIGURE 2 and made use of 
an in vitro transcription kit: (Boehringer Mannheim) . 
Approximately l/;g of driver {differentiated cells) JET 

15 purified PCR product was added to a reaction mix 
containing ImM of each NTP (AT?, CTP, GTP, UTP) , 1 x buffer 
(40mM TrisHCL pH 8.0, 6mM MgCl 2 , lOmM DTT, 2mM 
spermidine), 40 units of T7 RNA polymerase, 20 units of 
placental ribonuclease inhibitor in a total volume of 

20 40^1, and this was incubated for 1 hour at 37°C. (Again 
the reaction can be spiked with a small amount of a 32 P 
ATP to verify incorporation) . 20 units of RNAase free 
DNAase (Promega, UK) were then added, the reaction mixture 
was incubated for a further 15 minutes at 37°C, extracted 

25 with an equal volume of 1:1 phenol/chloroform and RNA was 
precipitated using 3M ammonium acetate plus 2.5 volumes of 
95% ethanol . The RNA was pelleted by centrif ugation at 
10,000 x g for 15 minutes at 4°C, rinsed with 80% ethanol, 
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redissolved in 30/xl of Milli Q (TM) sterile distilled 

water (Millipore) and reprecipitated from 0 . 3M sodium 
acetate plus 3 volumes of ethanol . 


5 Sub tractive hybridisation 


The single stranded amplified target cDNA and driver 
RNA products could then be used in a subtractive 
hybridization process to produce a subtraction probe. In 

10 the present case, between 200 and 500ng of target single 
stranded cDNA was co-precipitated with 10/ig of in vitro 
transcribed driver RNA from 0.3M sodium acetate and three 
volumes of ethanol. This material was pelleted (10,000 x 
g, 15 minutes) , rinsed with 80% ethanol and dissolved in 

15 2.5/21 of sterile Milli Q (TM) water to which was added 
2.5/xl of 1M NaCl, 50mM Hepes pH 7.5, lOmM EDTA, 2% SDS . 
This mixture was heated to 95 °C for l minute, maintained 
at 68°C for >24 hours (>Rgt 500 mol sec* 1 ) under a layer 
of liquid paraffin, diluted 5 fold with sterile water and 

20 precipitated from sodium acetate/ethanol . 


In this particular example chemical cross-linking 
subtractive (CCLS) probe synthesis was then performed 
using 2 , 5 -diaziridinyl - 1 , 4 -benzoquinone (DZQ) as 

25 previously described (see Hampson e: al (1992) Nucleic 
Acids Res. 20, 2899) except that the 68°C treatment and 
addition of 5% DMSO immediately prior to cross linking 
were omitted. 
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As will be appreciated, the use of the biotinylated 
T7 amplification primer at the end of the PCR 
amplification process (Figure 2) allows strand separation 
of the opposite strand to be carried cut, thus providing 
5 an amplified source of single stranded target cDNA. It 
should be noted, however, that thorough washing of the 
streptavidin beads must be performed at this stage, prior 
to heat denaturation and elution of the target material, 
in order to prevent contamination with opposite strand 
10 sense DNA. This would have no counterpart in the driver 
RNA and hence would not be subtracted. 


The directionality of the single stranded target 
cDNA product was confirmed by Southern blotting carried 

15 out in respect of both single and double stranded material 
which was then hybridised with equivalent amounts of a- 
actin antisense (A) and sense (B) riboprobes . It was 
found that an SPG sense probe hybridised with both the 
single and double stranded material, whereas a T7 

20 antisense probe hybridised with only the duplex product. 
It was also found that an a-actin antisense probe 
hybridised strongly with the in vitro transcription 
product whereas a corresponding sense probe showed a 
virtually undetectable signal . This indicated that the T7 

25 RNA polymerase initiator/promoter sequence had been 
directionally incorporated such that sense RNA fragments 
were predominantly produced from the globally amplified 
cDNA. This was verified from both target and driver 


BNSDOCID: <WO 980897 3A1 I > 


WO 98/08973 


PCT/GB97/02320 


28 

cDNAs . 

Other hybridization tests in which random primed 
probes synthesised from total non-subtracted JET purified 
5 cDNA fragments produced from both target 

(undifferentiated) and driver (differentiated) RNAs were 
used against an undifferentiated cell cDNA library and 
also confirmed the global nature of the amplification 
process outlined. 

10 

In relation to the example described above it was 
also noted that the non- subtracted DROP amplified target 
and driver cDNAs produced random primed probes that gave a 
whole range of signal intensities with a target 

15 undifferentiated cell cDNA library, indicating multiple 
sequence representation. Moreover, the undifferentiated 
minus differentiated subtracted probes produced a greater 
than 90% success rate in identifying sequences that were 
differentially expressed between the two cell types even 

20 though short exposure times (4 hours) and low wash 
stringency (0.8 x SSC) were used. 

Although most of the clones identified were in the 
moderate to high abundance class some of the remaining 
25 cDNAs were of considerably lower abundance than this, 
indicating that the technique was quite sensitive. Also, 
it must be emphasised that the example herein described 
was carried out merely to demonstrate the application of 
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the DROP process of this invention to subtract ive 

hybridization cloning. Increasing the amount of single 

stranded target in the probe, higher wash stringency and 

longer exposure times should allow detection of lower 
5 abundance sequences. 


The DROP procedure of this invention as herein 
described has several distinct advantages over existing 
methods. Some of these can be listed as f ollows : - 
10 (a) First, it is quick, requiring approximately two 
days . 

(b) Second, it can be performed on limited cell numbers 
(the inventors have successfully produced DROP 
amplified cDNA from 10ag of total cellular RNA) . 

15 (c) Third, the product can be used to synthesise both 
target single stranded cDNA and driver RNA from the 
same amplified PCR product, thus readily allowing 
subtraction to be performed in both directions, 
(d) Fourth, and most importantly, once the DROP product 

20 has been synthesised it is not necessary to re- 

extract more RNA for the purposes of subtraction. 


Although there might be a possibility that some 
sequences may not amplify in a proportional manner which 
25 would artif actually skew their representation in the DROP 
product, the subtractive data obtained indicates a very 
high >95% success rate in identifying differentially 
expressed cDNAs . It is unlikely, therefore, that this 
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represents a major problem. 

Another possible source of error in relation to the 
particular example described could perhaps be the presence 
5 of an endogenous T7 RNA polymerase initiator/promoter 
sequence in the wrong orientation. This would produce 
antisense RNA as opposed to the sense product from the 
incorporated T7 site. However, since the DROP products 
are random primed fragments, it is likely that there will 

10 be many fragments represented that do not encompass the 
endogenous T7 site and will thus correctly produce sense 
RNA from the incorporated T7 primer. These would compete 
in the subtractive hybridization for any complementary 
antisense RNA strands and thus lower the efficiency of 

15 hybridization to the target cDNA . However, in practice 
the results do not indicate that this possibility presents 
a problem. 

The DROP technique as herein described can in fact 
20 rapidly produce a renewable source of both target and 
driver material from as little as 10 6 cells, which 
material can be subsequently used for subtractive cloning. 

Many modifications in respect of the specific 
25 details of the example herein described are of course 
possible within the scope of the invention, and the 
invention should be regarded as including all novel and 
inventive features and aspects herein disclosed, either 
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explicitly or implicitly and either singly or in 
combination with one another. In particular, the 

invention is not to be construed as being limited by any 
illustrative example or by the terms and expressions used 
5 herein merely in a descriptive or explanatory sense. It 
is also to be pointed out that insofar as the terms 
"target cell source" and "reference or driver cell source" 
are used in the present specification in the context of 
denoting abnormal tissue cells and normal tissue cells 

10 respectively, on the assumption that the abnormal tissue 
cells are expressing genes not expressed in the normal 
tissue cells, in some cases abnormal tissue cells may be 
characterised by a failure to express genes that are 
expressed by the normal tissue cells. In that event, in 

15 carrying out the invention the normal tissue cells should 
therefore be regarded as being the "target cell source" 
and the abnormal tissue cells would be regarded as being 
the "reference cell source" from which the subtractive 
hybridization driver nucleic acid would be derived. 

20 


25 
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SEQUENCE LISTING 


(1) GENERAL INFORMATION : 

(i) APPLICANT: 

(A) NAME: Cancer Research Campaign Technology 

Limited 

(B) STREET: Cambridge House, 6-10 Cambridge 

Terrace, Regent 1 s Park, 

(C) CITY: LONDON 

(E) COUNTRY: UNITED KINGDOM 

(F) POSTAL CODE (ZIP) : NW1 4JL 

(ii) TITLE OF INVENTION : 

GLOBAL AMPLIFICATION OF NUCLEIC ACID 

(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM : PC-DOS/MS -DOS 

(D) SOFTWARE: Patent In Release #1.0, Version 

#1.30 (EPO) 

(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: G3 9613050.0 


(2) INFORMATION FOR SEQ ID NO : 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
TGTAATACGA CTCACTATAG GGAGNNNNNN 3 0 


(2) INFORMATION FOR SEQ ID NO: 2: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 2: 
TGTAATACGA CTCACTATAG GGAG 24 
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(2) INFORMATION FOR SEQ ID NO: 3: 


PCT/GB97/02320 


(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
ATGAGAATTC GACGTCAGCC AGCNNNNNN 2 9 


(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 23 base pairs 
(3) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
ATGAGAATTC GACGTCAGCC AGC 
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CLAIMS 

1. A method of processing nucleic acid starting 
material composed of a collection of single stranded 
5 nucleic acid molecules so as to produce a mixture of 
shorter random length DNA fragments suitable for enabling 
substantially uniform global PCR amplification to be 
achieved yielding an amplified product representative of 
the total original single stranded nucleic acid, said 
10 method comprising the steps of: 

(a) deriving from said nucleic acid starting material an 
immobilised set of first strand cDNA molecules each 
anchored at one end to a first solid phase support; 

(b) carrying out a first random priming operation using 
15 said set of anchored first strand cDNA molecules as 

templates to synthesise a first set of random length 
single strand DNA fragments each incorporating at 
one end a first known nucleotide sequence and a 
terminal anchor group adapted to bind to 
20 complementary receptor material; 

(c) separating said first set of random length single 
strand DNA fragments from the set of anchored first 
strand cDNA molecules ; 

(d) carrying out a second random priming operation using 
25 said first set of random length single strand DNA 

fragments as templates to synthesise a second set of 
single strand DNA fragments that each incorporate a 
second known nucleotide sequence at the opposite end 
to said first known nucleotide sequence ; 
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(e) contacting the reaction mixture from <d) with a 
second solid phase support carrying receptor 
material complementary to said terminal anchor 
groups of said first set of random length single 

5 strand DNA fragments whereby said first set of 

random length single strand DNA fragments are 
anchored and immobilized on said second solid phase 
support ; 

(f) separating said newly synthesised second set of 
10 single strand DNA fragments from the immobilised 

first set of random length DNA fragments, said 
second set of single strand DNA fragments then 
providing a desired mixture of shorter random length 
single stranded DNA molecules suitable for 
15 subjecting to PGR amplification. 


2 . A method as claimed in Claim 1 of processing nucleic 
acid starting material composed of a collection of single 
stranded nucleic acid molecules wherein said first random 
20 priming operation is carried out using a DNA polymerase 
which does not produce significant strand displacement and 
which is lacking in exonuclease activity. 


3 . A method as claimed in Claim 2 of processing nucleic 
25 acid starting material composed of a collection cf single 
stranded nucleic acid molecules wherein the DNA polymerase 
is a T7 phage DNA polymerase. 
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4 . A method as claimed in any of the preceding claims 
of processing nucleic acid starting material composed of a 
collection of single stranded nucleic acid molecules 
wherein said first random priming operation is carried out 
5 using a primer which is biotinylated to provide said 
terminal anchor group and which includes an RNA polymerase 
initiator/promoter sequence that provides said first known 
nucleotide sequence . 


10 5 . A method as claimed in any of the preceding claims 
of processing nucleic acid starting material composed of a 
collection of single stranded nucleic acid molecules 
wherein the concentration of the primer used in said first 
random priming operation is adjusted such that the average 

15 size of at least the majority of the random length DNA 
fragments produced lies within the range of 100 to 500 
base pairs . 


6 . A method as claimed in any of the preceding claims 
20 of processing nucleic acid starting material composed of a 

collection of single stranded nucleic acid molecules 
wherein said second random priming operation is carried 
out using a DNA polymerase which is adapted to cause 
strand displacement. 

25 

7. A method as claimed in Claim 6 of processing nucleic 
acid starting material composed of a collection of single 
stranded nucleic acid molecules in which said DNA 
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polymerase used in the second random priming operation is 
Taq polymerase . 

8 . A method as claimed in any of the preceding claims 
5 of processing nucleic acid starting material composed of a 

collection of single stranded nucleic acid molecules 
wherein said second random priming operation is carried 
out using a primer which includes a restriction enzyme 
site sequence to provide said second known nucleotide 
10 sequence. 

9. A method as claimed in any of the preceding claims 
of processing nucleic acid starting material composed of a 
collection of single stranded nucleic acid molecules 

15 wherein said second solid phase support is selected from 
avidin or streptavidin coated magnetic beads and avidin or 
streptavidin coated microspheres . 

10. A method as claimed in any of the preceding claims 
20 of processing nucleic acid starting material composed of a 

collection of single stranded nucleic acid molecules 
wherein the single- stranded nucleic acid molecules of the 
nucleic acid starting material are poly-A tailed mRNA 
strands from which said first strand cDNA molecules are 
25 synthesised in step (a) using complementary 
oligonucleotide primers anchored to said first solid phase 
support . 
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11. A mixture of random length single-stranded DNA 
molecules produced by a method as claimed in any of the 
preceding claims. 

5 12 . A method for global PCR-based amplification of 
nucleic acid starting material composed of a collection of 
single- stranded nucleic acid molecules, said method 
comprising processing said nucleic acid starting material 
in accordance with any of the preceding claims to produce 

10 a mixture of shorter random length DNA molecules in the 
form of a said second set of random length single stranded 
DNA fragments, and then subjecting said mixture to at 
least one round of PCR amplification using primers matched 
to the known nucleotide sequences at opposite ends of the 

15 DNA fragments involved. 

13. A method for global PCR-based amplification of a 
collection of single stranded cDNA molecules synthesised 
as first strand cDNA from cellular transcript mRNA, said 
20 method including the steps of 

(a) providing an initial reaction mixture in which the 
strands of said cDNA molecules are immobilised by 
being anchored at one end to a first solid phase 
support via a polynucleotide sequence attached to 

25 the latter; 

(b) carrying out a first random priming operation using 
said anchored first strand cDNA molecules as 
templates to synthesise a first set of random length 
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single strand DNA fragments each incorporating at 
one end a first known nucleotide sequence and a 
terminal anchor group adapted to bind to 
complementary receptor material; 

5 (c) separating said first set of random length single 
strand DNA fragments from the anchored first strand 
cDNA molecules; 
(d) carrying out a second random priming operation using 
said first set of random length single strand DNA 

10 fragments as templates to synthesise a second set of 

single strand random length DNA fragments that each 
incorporate a second known nucleotide sequence at 
the opposite end to said first known nucleotide 
sequence ; 

15 (e) contacting the reaction mixture from (d) with a 
second solid phase support carrying receptor 
material complementary to said terminal anchor 
groups of said first set of random length single 
strand DNA fragments whereby said first set of 

20 random length single strand DNA fragments are 

anchored and immobilized on said second solid phase 
support ; 

(f) separating said newly synthesised second set of 
random length single strand DNA fragments from the 

25 iinmobilised first set of random length DNA 

f r agment s , and 

(g) subjecting the said second set of random length 
single strand DNA fragments to at least one round of 
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PCR amplification using primers matched to said 
known sequences at opposite ends. 


14. A method as claimed in Claim 13 for global PCR-based 
5 amplification of a collection of single stranded cDNA 
molecules synthesised as first strand cDNA from cellular 
transcript mRNA, wherein said first random priming 
operation is carried out using a DNA polymerase which does 
not produce significant strand displacement and which is 
10 lacking in exonuclease activity. 


15 . A method as claimed in Claim 14 for global PCR-based 
amplification of a collection of single stranded cDNA 
molecules synthesised as first strand cDNA from cellular 
15 transcript mRNA, wherein the DNA polymerase is a T7 phage 
DNA polymerase . 


16 . A method as claimed in any of Claims 13 to 15 for 
global PCR-based amplification of a collection of single 

20 stranded cDNA molecules synthesised as first strand cDNA 
from cellular transcript mRNA, wherein said first random 
priming operation is carried out using a primer which is 
biotinylated to provide said terminal anchor group and 
which includes an RNA polymerase init iator/promoter 

25 sequence that provides said first known nucleotide 
sequence . 

17, A method as claimed in any of Claims 13 to 16 for 
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global PCR-based amplification of a collection of single 
stranded cDNA molecules synthesised as first strand cDNA 
from cellular transcript mRNA, wherein the concentration 
of the primer used in said first random priming operation 
5 is adjusted such that the average size of at least the 
majority of the random length DNA fragments produced lies 
within the range of 100 to 500 base pairs. 

18 . A method as claimed in any of Claims 13 to 17 for 
10 global PCR-based amplification of a collection of single 
stranded cDNA molecules synthesised as first strand cDNA 
from cellular transcript mRNA, wherein said second random 
priming operation is carried out using a DNA polymerase 
which is adapted to cause strand displacement. 

15 

19. A method as claimed in Claim 18 for global PCR-based 
amplification of a collection of single stranded cDNA 
molecules synthesised as first strand cDNA from cellular 
transcript mRNA, in which said DNA polymerase used in the 

20 second random priming operation is Taq polymerase. 

20. A method as claimed in any of Claims 13 to 19 for 
global PCR-based amplification of a collection of single 
stranded cDNA molecules synthesised as first strand cDNA 

25 from cellular transcript mRNA, wherein said second random 
priming operation is carried out using a primer which 
includes a restriction enzyme site sequence to provide 
said second known nucleotide sequence . 
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21. A method as claimed in any of Claims 13 to 20 for 
global PCR-based amplification of a collection of single 
stranded cDNA molecules synthesised as first strand cDNA 
from cellular transcript mRNA, wherein said second solid 
5 phase support is selected from avidin or streptavidin 
coated magnetic beads and avidin or streptavidin coated 
microspheres . 


22. A method as claimed in any of Claim 13 to 21 for 
10 global PCR-based amplification of a collection of single 
stranded cDNA molecules synthesised as first strand cDNA 
from cellular transcript mRNA, wherein the average size of 
at least the majority of the random length DMA fragments 
produced which are subjected to PCR amplification lies 
15 within the range of 100 to 500 base pairs. 


23. A method as claimed in any of Claims 13 to 22 for 
global PCR-based amplification of a collection of single 
stranded cDNA molecules synthesised as first strand cDNA 

20 from cellular transcript mRNA, wherein said second set of 
random length single stranded DNA fragments is subjected 
to multiple rounds of PCR amplification, and at least the 
last round of said PCR amplification is carried out using 
at one end a primer which is labelled with an anchor group 

25 that can bind to a complementary receptor carried on solid 
support material, whereby strand separation can readily be 
performed to produce single stranded amplified cDNA as may 
be required for providing amplified target cDNA for use in 
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24. A method as claimed in any of Claims 13 to 22 for 
global PCR-based amplification of a collection of single 
5 stranded cDNA molecules synthesised as first strand cDNA 
from cellular transcript mRNA, wherein the PCR-amplif ied 
cDNA product is subjected to in vitro transcription using 
a selected RNA polymerase to produce single stranded RNA 
as may be required for providing amplified driver RNA for 
10 use in a subtractive hybridization procedure. 

25 . A method as claimed in Claim 24 for global PCR-based 
amplification of a collection of single stranded cDNA 
molecules synthesised as first strand cDNA from cellular 

15 transcript mRNA, wherein said PCR- amplified cDNA product 
includes a promoter sequence matched to the selected RNA 
polymerase, said promoter sequence being incorporated by 
inclusion in primers used in carrying out said first 
random priming operation and providing at least part of 

20 said first known nucleotide sequence. 

26. A method of processing samples of mRNA from target 
cells and from reference cells so as to provide amplified 
and renewable sources of single stranded target cDNA and 
25 of driver nucleic acid for use in subtractive 
hybridization, said method comprising treacing the mRNA 
samples from the target cells and from the reference cells 
separately to produce an immobilised collection of first 
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strand target cDNA molecules from the mRNA of the target 
cells and an immobilised collection of first strand 
"driver" cDNA from the mRNA of the reference cells, and 
then carrying out global PCR-based amplification of the 
5 "target" cDNA collection in accordance with the method 
claimed in Claim 23 to produce amplified target cDNA, and 
carrying out global PCR-based amplification of the 
"driver" cDNA collection in accordance with the method 
claimed in Claim 24 to produce amplified driver RNA. 

10 

27. A kit containing all essential reagents and 
instructions for carrying out a method of processing 
nucleic acid starting material and/or global PCR-based 
amplification of cDNA in accordance with any one of Claims 

15 l to 10 or Claims 12 to 26. 

28. A subtractive hybridization process in which single 
stranded target cDNA derived from target cells is mixed 
under hybridizing conditions with an excess quantity of 

20 driver RNA derived from reference cells such that nucleic 
acid strands having common complementary sequences anneal 
to form duplex RNA/DNA molecules, characterised in that 
said single stranded cDNA and driver RNA are produced by 
processing respective samples cf mRNA from target cells 

25 and from reference cells in accordance with the method 
claimed in Claim 26. 

29. A subtractive hybridisation process as claimed in 
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Claim 2 8 wherein said duplex RNA/DNA molecules are 
subjected to chemical cross -linking using 2,5- 
diaziridinyl-1, 4-benzoquinone (DZQ) or an analogous 
aziridinylbenzoquinone cross -linking agent. 

5 

30. A subtractive probe produced using a subtractive 
hybridization process as claimed in Claim 28 or 29. 


10 


15 


20 


25 
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